Several compounds, structurally and metabolically related to phenylalanine and tyrosine, were tested for their effects on the incorporations of phenylalanine and tyrosine as single units into a protein of the soluble subcellular fraction of rat brain. Of the compounds tested, only L-dopa (L-3,4-dihydroxyphenylalanine) inhibited these incorporations. Further, L-dopa was incorporated into a protein of the same fraction in such a way that it excluded the incorporation of tyrosine as a single unit. Conversely, tyrosine inhibited and excluded the incorporation of L-dopa. The incorporation ofL-dopa required ATP (apparent Km = 0.23mM), KCI (apparent K,, = 20mM) and MgC12 (optimal concentration range, 5-16mM). These requirements were similar to those previously determined for the incorporation of tyrosine and phenylalanine. The inactivation rate of the enzymic systems for L-tyrosine and L-dopa incorporations, when kept at 37°C, was the same for both amino acids (half-life = 80min). It is suggested that the acceptor for the incorporation of dopa is the same as that for the incorporation of tyrosine.
In previous papers (Barra et al., 1973a,b) we reported that tyrosine and phenylalanine can be incorporated as single units into a protein present in the soluble fraction of rat brain homogenate. The system requires, besides the protein fraction, ATP, K+ and Mg2+, but not tRNA. It has not yet been possible to decide whether the system is composed of an enzyme and an acceptor as two separable entities, but there is some evidence to indicate that the acceptor protein is the polymerized protein of microtubules or its dimer unit (Barra et al., 1974) . In the present paper L-dopa (L-3,4-dihydroxyphenylalanine) is shown to be an inhibitor of the incorporation reaction of L-tyrosine and L-phenylalanine. Further, L-dopa is incorporated into a protein in such a way that it excludes the incorporation of L-tyrosine, and, conversely, the incorporation of L-tyrosine prevents that of L-dopa. These observations and others reported in the present paper suggest that the acceptor for L-tyrosine and L-dopa is the same protein. Enzyme preparation and activity determination A soluble fraction from rat brain homogenate free of low-molecular-weight compounds was used. The details for the preparation of this fraction were previously described (Barra et al., 1973a 37°C . The reactions were stopped by the addition of 2ml of 5% (w/v) trichloroacetic acid, and the tubes were immersed in a water bath at 90°C for 15 min, except when radioactive dopa was present in the system, in which case it was 2min. The solutions were cooled and the precipitates were collected on Millipore filter membranes and washed with 20ml of 5 % (w/v) trichloroacetic acid. Controls were run in which buffer solution was substituted for the enzymic fraction during incubation; after the addition of trichloroacetic acid, the soluble enzymic fraction was added. Where specified, controls were also run in which ATP, MgCl2 and KCI were omitted. Radioactivity was counted in a liquidscintillation counter as previously described (Barra etal., 1972 This difficulty was overcome by adding ascorbic acid (12mM) to the labelled dopa solution (Sims etal., 1973) . In the presence of ascorbic acid, the enzymic binding of L-dopa to protein was ascertained. The same cofactors which are known to be required for (Fig. 2) . A Kf value of 1.95 x 10-4M was calculated, where:
Vol. 149 (Dixon & Webb, 1958) For the determination of reciprocal exclusion the experimental method is shown in Table 2 . The soluble protein fraction was incubated with unlabelled L-dopa, or unlabelled L-tyrosine, or without any of these substrates in an otherwise complete system. After incubation, the low-molecular-weight components of each system were eliminated by passage through columns (1 cm x 20cm) of Sephadex G-25 (20-804um) and the incubation systems completed again with the required cofactors. After preincubation without the two amino acids (mixture A, twice the time required to reach a plateau), the incorporations of L-dopa and L-tyrosine were 231 and 250pmol/mg of soluble brain protein respectively.
Stability of the systems that incorporate L-dopa and L-tyrosine
The inactivation of the enzymic system for L-tyrosine or L-dopa incorporation, when kept at 37°C, followed the course of a first-order reaction, and the rate of inactivation was the same for both amino acids (Fig. 3) . For reasons as yet undetermined, the half-life of the system under identical conditions varied in preparations obtained from different rat litters. In the case shown in Fig. 3 Values for the incorporation of 
Discussion
The observations reported in this paper show that in the soluble fraction of rat brain there is a protein system that incorporates tyrosine and L-dopa in such a way that the incorporation of one of these amino acids excludes the incorporation of the other when they are incubated with the soluble-protein fraction, either simultaneously or successively. These observations suggest that the activity is catalysed by the same enzymic system, and that the amino acids bind to the same acceptor protein. A similar situation was found previously with tyrosine and phenylalanine (Barra etal., 1973b) .
For tyrosine it was shown by the action of carboxypeptidase A (Barra et al., 1973b) , and by the isolation of the glutamyl-[14C]tyrosine dipeptide from a hydrolysate of proteinyl-['4C]tyrosine (Arce et al., 1975) , that the amino acid is bound to the protein by a peptide linkage. For the binding of L-[14C]dopa the same type of linkage is inferred from the experiments of reciprocal exclusion with tyrosine, and also because it was released from the protein by the action of carboxypeptidase. ATP, Mg2+ and K+ are cofactors required for the incorporation of tyrosine, phenylalanine and dopa, and the apparent Km for ATP and KCl and the optimal concentration of MgCl2 were very similar for the three amino acids. Maximal molar incorporation of tyrosine and dopa for a soluble preparation of brain proteins was also very similar.
The protein system that binds the three amino acids has properties in common with those of the microtubular proteins and their dimer subunit, tubulin (Barra et al., 1974 (Eipper, 1974) .
Since the acceptor protein of tyrosine, phenylalanine and dopa has been tentatively identified as tubulin, the physiological significance of the incorporation of these amino acids should be considered in relation to the properties of tubulin and the microtubules formed by that protein. In cells of neuronal origin, microtubules play a role in the rapid axoplasmic transport (Kreutzberg, 1969; Fernandez etal., 1971; Sj6strandetal., 1970) and in the outgrowth and maintenance of neuronal processes (Seeds et al., 1970; Daniels, 1972; Hier et al., 1972) . According to the maximal incorporations we reported above for L-tyrosine and L-dopa, 250 and 231 pmol/mg of soluble brain protein respectively, and, assuming that 1 mol of amino acid/mol of tubulin (mol.wt. 110000) is incorporated, the acceptor protein constitutes approx. 2.5% of the soluble protein. Since the tubulin concentration in the soluble fraction of rat brain, determined as described by Weisenberg et al. (1968) , was 9-11 % (C. A. Arce, J. A. Rodriguez, H. S. Barra & R. Caputto, unpublished work) , it was calculated that at least 23% of the tubulin is the acceptor protein for these amino acids.
So far, no determinations have been carried out on the amounts of tyrosine, phenylalanine or dopa attached to the C-terminal position oftubulin. However, in conditions in which bound tyrosine is exchanged with free tyrosine (Rodriguez etal., 1973) , the amount of tyrosine incorporated was consistently about twice as much as that obtained with the assay system used in the present work, in which exchange does not occur. The difference between these results is considered tentatively as an indication that in vivo a substantial fraction of brain tubulin has, in the C-terminal position, one of the amino acids implicated in this reaction.
From available data on the concentration of tyrosine and phenylalanine in brain (respectively 50-196 and 30-l100nmol/g of brain; Agrawal et al., 1966; Bayer & McMurray, 1967) and dopa (0.15 nmol/ g of brain ; Johnson et al., 1973) and the values of the kinetic constants given in the present paper for these amino acids, it can be predicted that the amount of tyrosine in the C-terminal position of tubulin should be 40-500-fold higher than the amount of phenylalanine, and 1000-10000-fold higher than that of dopa. Consequently, the capability of dopa to modify quantitatively the state of tubulin is expected to be very small. This does not exclude the possibility that in some limited area of the brain the concentration of dopa is increased with respect to the other amino acids, and that its incorporation could be quantitatively significant in that area.
